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The economic evaluation of results of experimental researches on determination of efficiency of different methods of basic soil tillage in technology of sunflower growing in soil and climatic conditions of northern Steppe of Ukraine was made. The researches were conducted on the basis of the State enterprise of experimental farm «Dnipro» of Institute of cereals cultures of NAAS. According to results of comprehensive evaluation we formulated recommendations for improving productivity and profitability of production of sunflower seeds on the basis of the most effective methods of basic tillage.
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Statement of the problem. Occupying one of the leading places among the manufacturing states of sunflower seeds Ukraine traditionally provides about 10 % of volumes of its world production. In particular from 2000 to 2014 in Ukraine the gross collecting of sunflower seeds increased from 3457 to 10134 thousand tons.
It is known that the cultivation of industrial crops is an important source of money and maintenance of profitable conducting agrobusiness for domestic agricultural producers. However, the high production efficiency of sunflower seeds and products of its processing led to excessive expansion of acreage of this oil-bearing crop not only in the regions of traditional cultivation but also almost in all natural and economic zones of Ukraine. So, during 2000–2014 harvested acreages of sunflower in Ukraine increased from 2842 to 5212 thousand hectare (this is a maximum level for the last 5 years).
Prevalence of extensive tendencies in development of this branch of industry led to emergence of a number of negative consequences: violations of crop rotations system, decrease in fertility of the soil, deterioration in a phytosanitary situation etc. Due to excessive saturation of crop rotations by sunflower the conditions for cultivation of other crops have worsened.
Observance of the evidence-based principles of crop rotations streamlining of land area, including provided by the Resolution of KMU of February 11, 2010 № 164 «About the approval of standards of an optimum ratio of cultures in crop rotations in different natural and agricultural regions» [1], demands concentration of efforts on the intensive way of development of branch of plant growing. In this context special relevance is acquired by researches of a problem of increasing production of high-quality seeds of sunflower due to increase of its productivity at reduction of acreage. Identification of reserves of increase in productivity of sunflower and improvement of quality of production is first of all in the plane of improvement of technology of cultivation of this culture and application of progressive agrotechnical actions. Among them in modern conditions the importance gets search of the most effective systems of tillage of the soil from the technological and economic points of view. 

The analysis of the last researches and publications which starts the solution of the problem. Many scientists, including the known domestic scientists-economists are engaged in research of theoretical and practical aspects of increasing of production efficiency of sunflower: V. G. Andreychuk, Y. V. Babenko, V. I. Boyko, O. V. Voronyanskaya, P. I. Gaydutskyi, M. V. Gladiy, O. D. Gudzinsky, Y. V. Domashenko, L. A. Yevchuk, O. V. Krisalnyi, S.Y. Kucherenko, I. I. Lukinov, P. M. Makarenko, P. T. Sabluk, V. S. Ulanchuk, V. P. Fedoryaka, M. I. Horunzhyi, L. G. Chernyuk, O. M. Shpichak etc.
Tillage is a key element of farming system. Reasonably the chosen method of the basic tillage in a complex with other agroreceptions of cultivation technology considerably defines efficiency of growing crops. By means of tillage it is possible to regulate physical properties and the basic soil modes: water, temperature, nutrient and so forth; destroying weeds, wrapped the fertilizers and seeds to the soil. The considerable part of the energy directed to production of crop products is spent for performance of tillage. 
For a long time in Ukraine intensive cultivation of the soil dominated, based on a plowing, which was not always been caused by the need to optimize agrophysical condition of the soil and its basic modes. Such tillage for the lack of organic and mineral fertilizers stimulated processes of a mineralization of organic substances thanks to which soil fertility and productivity of crops at the certain level were maintained. The effects of intensive technologies which based on the moldboard plowing are well-known: there are essential decrease in maintenance of a humus, growth of the degraded lands areas, strengthening of erosive processes and so forth.
Intensive technologies of cultivation of cultures provide repeated passes of the machine-tractor aggregates (MTA) across the field. A consequence of it is overconsolidation of arable and even subarable layers of soil. It leads to soil disaggregation, deterioration in agrophysical characteristics of the soil, strengthening of erosive processes. Process of decrease in effective fertility of the soil under the influence of MTA engines has cumulative character. According to literature references overconsolidation of the soil cause losses of crops productivity in 18–40 % [15, 17].
Results of scientific researches shows that reduction of depth from 25–27cm to 14–16 cm and plowing replacement with beardless plowing by the same depth is not followed by essential reduction of sunflower productivity and creates at the same time opportunities for economy of fuel consumption and energy. Therefore, in the presence of a large number of scientific recommendations of the different direction about application of the basic soil cultivation [2–8, 10–13], we consider it expedient to continue the researches of efficiency of application of different methods of the basic tillage in technology of cultivation of sunflower in specific earth-climatic conditions of the Northern Steppe of Ukraine. The evidence-based choice of system of the basic soil cultivation will allow implementing better the potential of productivity of modern grades and hybrids of intensive type, characterized by bigger ability to acquire photosynthetically active radiation (PhAR), to create an optimum sheet surface and it is more exacting to agrophysical properties of the soil.
The purpose of research is justification of ways of yield increase and profitability of sunflower seeds production in the Northern Steppe of Ukraine on the basis of the choice of the most effective ways of the main soil cultivation.
The task is to carry out the economic evaluation of long-term experimental data and to define the most effective methods of the basic tillage in technology of cultivation of sunflower in earth-climatic conditions of the Northern Steppe of Ukraine.
Materials and methods of researches. The information base of complex analysis was the results of experimental researches of 2012–2014 years. The researches were conducted on basis of the State enterprise of experimental farm «Dnipro» of Institute of cereal crops of NAAS. 

Next methods of the basic tillage were chosen for researches:

- Plowing: by mounted plowing PN-3-35 on 25–27 cm (control);

- Subsurface tillage by erosive subsurface tiller KPE-3,8 on 16–18 cm;

- Surface tillage by hard disk harrow BDT-7 on 8–10 cm;

- Zero tillage.
Economic evaluation was carried out on the basis of application of the practical standard which allows evaluating option of technology for the level of productivity, cost value of unit production, profitability from hectare of a cultivated area and profitability level. Production costs were calculated on the basis of flow charts of cultivation and the existing methodical recommendations [9, 14, 16]. For calculation of the cost indicators we agreed the prices of products and production resources which were operating in the first quarter of 2016.

The results of researches. Actual problem at cultivation of sunflower in the Steppe of Ukraine still continue to exist the providing a maximum level of moisture accumulation due to creation of optimum parameters of physical properties of the soil under the influence of its basic tillage.
The researches (2012–2014) conducted by us showed that the best indicators of structural aggregate composition of an arable layer and density of the soil were provided by carrying out plowing. Consequently in this option there were the best conditions for receiving high return of hectare of the land.
As it is shown in data of this table, reduction of productivity in options with subsurface tillage, surface tillage and zero tillage in comparison with moldboard plowing reached respectively 0,26, 0,45 and 0,70 t/hectare (or 9,7, 16,9 and 26,2 %).
Economic efficiency of cultivation of sunflower which depends on using of systems of the basic tillage (2012–2014)
	Index
	The systems of the basic tillage

	
	moldboard plowing
	subsurface tillage
	surface tillage
	zero tillage

	Yield, t/ha
	2,67
	2,41
	2,22
	1,97

	Operating expenses for
1 hа, UAN
	7009
	6756
	6433
	6994

	Cost value of 1 t, UAN
	2625
	2803
	2898
	3550

	Net income of 1 ha, UAN
	17021
	14934
	13547
	10736

	Profitability level, %
	242,8
	221,0
	210,6
	153,5


The economy of material and monetary, labor and power costs per hectare of crops in modern conditions is a determinant factor which allow producers to give preference to subsurface tillage at cultivation of sunflower. Really when the subsurface tillage system is applying the sum of economy of production expenses makes 253 UAH/hectare, and surface tillage – to 576 UAH/hectare. Applying of zero tillage system demands additional application of chemical means of plant protection and therefore the economy of expenses in this option in comparison with plowing is insignificant and makes only 15 UAH/hectare.

Unfortunately, the researches results showed that rates of decrease in productivity in other methods in comparison with control method were rather high and its not only leveled effect of economy of production costs but also led to essential deterioration in economic indicators. So, cost of production of 1 tonn of sunflower seeds increased in option with subsurface tillage for 6,8 %, and with the surface tillage – for 10,4 %. Production of 1 ton of seeds in option where applied zero tillage system makes 3550 UAH/t that is 35,2 % higher than on a plowed land turned out the most expensive.
Indicators of costs influenced forming of indicators of profitability of hectare of crops and an economic return. So, on lands where were applied subsurface tillage and zero tillage the sum of half-received net income per 1 hectare was from 2087 to 6285 UAH/hectare (12,3–36,9 %).
Production of sunflower seeds at use of moldboard plowing system of the basic tillage provided 2,43 UAH of net income counting on 1 UAH of the spent resources when in the same time profitability level of subsurface tillage decreased on 21,8 comparative unites, the surface treatment – on 32,2, zero – on 89,3 comparative unites.
Conclusion. Results of the conducted researches showed that cultivation of sunflower is highly profitable at using of all researched systems of soil tillage. At the same time the best indicators of productivity, profitability and economic return are provided by moldboard plowing.
In the conditions of an economic crisis it is possible to consider the possibility of application subsurface and surface systems of tillage from which the subsurface tillage is more reasonable from the point of view of crops productivity and of profitability indicators and profitability of production.
By the research results the system of zero tillage which demands higher chemical loading at cultivation of sunflower is recognized as inexpedient. 
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